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A cohort study on the efficacy of a 
polyhexanide-containing 
biocellulose dressing in the 
treatment of biofilms in wounds
l objective: This cohort study evaluated the clinical efficacy of a polyhexanide-containing
biocellulose dressing, Suprasorb X + PHmb (lohmann & rauscher GmbH), for the eradication of 
biofilms in non-healing wounds. Polyhexanide (PHmb) has been shown to have microbicidal activity 
when applied to chronic wounds and burns.
l Method: Twenty-eight patients, aged over 18 years, who presented at an outpatient wound clinic with 
non-healing locally infected and/or critically colonised wounds of various aetiologies that showed clinical 
signs of biofilm were included in the study. Sixteen patients (nine females), with a mean age of 
60.9 ± 21.6 years, were included in the analysis. The patients were prospectively followed for a maximum 
of 24 weeks or until healing for analysis of safety and efficacy endpoints. evolution of wound size was 
conducted with tracings and standardised digital photographs as well as for determining healing rates.
l results: At 24 weeks,12 wounds (75%) had healed (complete epithelialisation with no drainage). of 
those wounds that had not closed, the mean wound area had reduced by 61% at week 24. Ten patients 
(63%) had a good reduction of the biofilm, five (32%) scored moderate and one (6%) had no reduction 
noted at week 24. The mean percentage of granulation tissue had increased significantly (p < 0.04) when 
comparing day 0 (38%) with week 24 (77%). Yellow tissue present in the wound bed decreased (p < 0.01): 
62% (day 0) versus 23% (week 24). All patients reported reduced pain after dressing change.
l conclusion: The results suggest that continuous application of PHmb, using a biocellulose wound 
dressing, reduced biofilm in the stagnating wounds treated, thus promoting healing. The treatment was 
comfortable, safe and reduced wound pain at dressing change. The PHmb-containing biocellulose 
dressing seems to be suitable for lightly to moderately exuding wounds. 
l declaration of interest: This study was supported by a scientific grant from lohmann & rauscher.
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 B
iofilms are thought to be associated 
with 65–80% of non-healing chronic 
and critically colonised wounds, leading 
to chronic inflammation and delayed 
wound healing.1 To date, the term ‘bio-

film’ has yet to be categorically defined by the socie-
ties or in consensus articles.2–4 It is considered to be 
an aggregate of microorganisms in which cells, 
debris, exudate, and/or slime/slough adhere to each 
other and/or to a surface.1–4 These adherent cells are 
frequently embedded within a self-produced matrix 
of extracellular polymeric substance (EPS), which is 
generally composed of extracellular DNA, proteins 
and polysaccharides (Fig 1).2

Bacteria living in biofilms usually have significantly 
different properties from free-floating bacteria of the 
same species, as the dense, protected environment of 
the film allows them interact in a variety of different 
ways.4 As such, there is increased interaction between 
aerobic and anaerobic bacteria, leading to an increased 
pathogenic effect and delayed wound healing.1,5,6

The antimicrobial polyhexanide (PHMB) has been 
shown to have microbicidal activity when applied 
to chronic wounds and burns.7,8,9 It contains 
polyhexamethylene biguanide, which penetrates 
difficult coatings, removing debris and bacteria.8,10–12

Biocellulose wound dressings (BWDs) have been 
shown to be effective in the treatment of chronic 
non-healing wounds and, in clinical studies, have 
been associated with reduced pain, improved 
wound cleansing and faster wound healing com-
pared with standard care.9,13–16 These dressings may 
be combined with PHMB for continuous anti-
microbial treatment.11,17,18

Identifying the presence of a biofilm in a wound 
in the laboratory setting is both complex and expen-
sive, while debate remains whether it is possible to 
identify a biofilm visually. In a chronic wound, if 
the main reasons for wound stagnation have been 
eliminated (black necrotic tissue, compromised cir-
culation, prolonged pressure etc) and the wound is 
still not progressing toward healing, despite  
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optimum care, then the presence of a biofilm can be 
assumed.3,4 The implication, therefore, is that the 
biofilm is directly responsible for the non-healing 
status of these wounds. When including such 
wounds in clinical trials, therefore, it is not suffi-
cient for the efficacy endpoint to be subsidence of 
the biofilm, but rather full healing.

This paper presents the results of a cohort study 
on the clinical efficacy of a PHMB-containing BWD 
(Suprasorb X + PHMB; Lohmann & Rauscher GmbH) 
for the eradication of biofilms in wounds. The aim 
of the study was to investigate whether continuous 
application of the antimicrobial PHMB is more 
effective in reducing biofilm than a short cleansing 
phase using PHMB.

Method
Patients were recruited from those who presented at 
the outpatient wound clinic at the Medical Center 
Haaglanden, from February 2010 to January 2011, 
with non-healing locally infected and/or critically 
colonised wounds of various aetiologies. The pres-
ence of local infection and/or critical colonisation 
was assessed in accordance with the EWMA position 
document and expert recommendations,18,19 with 
the clinical indications for critical colonisation tak-

en to be an indolent wound bed, visible non-vital 
cells and the presence of a translucent, slimy layer. 
The inclusion criteria were:
l Patient over 18 years of age
l Wound with clinical signs of biofilm.

Copious exuding wounds were excluded.
Non-healing was defined as chronic wounds that, 

following referral to the medical centre, did not 
respond to standard treatment for 2  weeks. This 
definition was in accordance with the centre’s pro-
tocol. Standard treatment comprised a moist wound 
healing dressing and treatment according to the 
aetiology of the wound, such as compression band-
ages for venous leg ulcers and offloading for diabetic 
foot ulcers. The moist wound healing dressings used 
were chosen according to the wound bed condition 
and the level of exudate, such as alginates, Hydro-
fiber or foam.

While there remains a lot of debate about the iden-
tification of biofilms in wounds,1,3 the macroscopic 
clinical indication of biofilms in wounds is described 
as a shiny, translucent, slimy layer on a non-healing 
wound surface that, generally, does not respond to 
treatment.3 Even when mechanically removed, for 
example with sharp debridement, the biofilm returns 
to the wound bed after a short while.18

All participants gave written informed consent. 
Ethical approval was obtained from the local ethics 
committee.

fig 1. a critically colonised wound with a biofilm

Table 2. Patient and wound characteristics

Patient demographics

Patients (n) 16

l male 7
l Female 9

Wounds (n) 16

mean age (years) 60.9 ± 21.6

mean wound duration: 216 weeks 4 
(> 100 weeks)

mean wound duration: 6.8 weeks 12 
(< 30 weeks)

Wound size (cm2) 15.3 ± 14.5

wound types (n)

venous leg ulcers 3

venous ulcers with an arterial 3 
component

Surgical wounds healing by 6 
secondary intention

burns 2

Arterial wounds 1

Diabetic foot ulcers 1

Table 1. Scale for reduction of biofilm18

Biofilm reduction Indications

Good l ePS has subsided and does not return
 l Healthy granulation tissue visible in the wound bed
 l no signs of returning biofilm

moderate l removal of ~2/3 biofilm area, although it persists in 
    some areas 
 l Improvement as above in clear areas

Poor l removal of ~1/3 biofilm area
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Treatment protocol
Participants were followed prospectively for a maxi-
mum of 24 weeks, or until full healing, for analysis 
of safety, and the efficacy endpoints. The primary 
parameters of the study were the percentage of 
wounds that had healed and the reduction of bio-
film in these chronic non-healing wounds, compar-
ing day 0 with week 24 results. Secondary parame-
ters were the reduction of wound area, wound bed 
condition, the shift from yellow tissue to epitheli-
alisation (indicating the ‘starter function’ of the 
dressing used — that is, that the wound is no longer 
stagnating, with signs of a progression toward heal-
ing) and pain reduction, comparing day  0 with 
week 24 results. Safety of dressing use and handling 
of the dressing were evaluated. 

Full healing was defined as complete re-epithelial-
isation, with the absence of drainage, and no longer 
requiring a dressing. Evolution of wound size was 
monitored using tracings and standardised digital 
photographs (planimetry);20 this was used to deter-
mine healing rates.

The BWD + PHMB dressing (Suprasorb X + PHMB) 
was covered with a foam dressing or an absorbent 
pad, depending on the exudate levels. Dressing 
changes were conducted 2–3 times a week by trained 
wound healing specialist nurses and were performed 
at their discretion. When the biofilm had subsided, 
according to the clinical parameters using the assess-
ment scale,18 the BWD + PHMB dressing was discon-
tinued, and replaced with a BWD only (Suprasorb X). 
After a maximum of 4 weeks treatment, the BWD was 
discontinued and foam (Suprasorb  P; Lohmann & 
Rauscher GmbH) was used as a primary dressing.

Wound cleansing was conducted with saline or 
water. If required (there was non-vital tissue [EPS, 
slough, debris, etc] present in the wound bed), sur-
gical debridement was performed, which is the 
standard in the Netherlands for wounds containing 
biofilms.4 Surgical debridement was performed on 
all wounds before entry into the study.

There was no variation in treatment for any of the 
wounds included in this study.

assessment
The wounds were assessed through clinical observa-
tion,1,3–5 using a clinical scoring tool based on the 
validated tool developed by Dissemond et al.18 
Assessments were conducted twice a week at dress-
ing change and again at week  24, by the clinical 
nurse specialist (EL). After 24  weeks, reduction of 
the biofilm was scored on a three-point scale (good/
moderate/poor), with the results compared against 
baseline (Table 1).

The occurrence of systemic and/or invasive local 
infection, indicating deterioration of the wound, 
were also evaluated using clinical observation, fol-
lowing expert opinion,18 and the EWMA position 

document.19 If systemic infection occurred, it was 
noted as an adverse event or severe adverse event 
and the patient was removed from the study.

Cleansing efficacy and stimulation of autolytic 
debridement was evaluated by comparing the per-
centage of granulation and percentage epithelial tis-
sue (time to 75% granulation and 50% epithelialisa-
tion) present at day 0 and after 24 weeks, using the 
Dutch Wound Care Society colour classification sys-
tem. This system is part of a computer program that 
objectively calculates wound area using planimetry 
and then the percentage of necrotic, slough, granu-
lation and epithelial tissue present, based on the 
colour of the tissue in the digital image. 

First the reduction of biofilm was scored and then 
the percentage of black, yellow and red tissue, as 
well as epithelial tissue, was assessed. This was done 
to evaluate if there was a shift in the wound bed 
condition, indicating progress in cleansing and the 
impact on wound healing.18,20

Pain at dressing change was assessed by the 
patient using a 10-point visual analogue scale (VAS), 
comparing day 0 with 24 weeks. Pain was assessed 
10 minutes before, during and 10 minutes after  
the dressing change, and a mean was taken of the 
three measurements.
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fig 2. flow of patients through trial
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Statistical analysis
Paired t-tests were used to compare the differences 
in wound bed condition between day 0 and week 24. 
Ninety-five per cent confidence intervals of the dif-
ference were taken, and significance was defined as 
< 0.05. All withdrawn cases were regarded as unsuc-
cessful in terms of treatment and all variables.

Results
In total, 41 patients were assessed, of whom 28 were 
included in the study. Of the 13 patients excluded, 
eight had wounds that produced copious amounts 
of exudate, for which BWDs are not indicated, two 
withdrew consent, and three patients did not want 
to pay frequent visits for checkups.

Of the 28 patients included in the study, 16 par-
ticipants (nine females, seven males), with a mean 
age of 60.9 ± 21.6 years completed the study period. 
Patient characteristics are given in Table  2. Eight 
patients (29%) discontinued the study due to rea-
sons that were not study related (lost to follow-up, 
n=4; hospital admission, n=1; took a vacation and 
missed four visits, n=1; admission to nursing home 
for non-study-related reasons, n=1; own request, 
n=1) and four patients (14%) discontinued due to 
copious production of exudate, which could not be 
handled effectively by the dressing. No patients 
experienced a systemic infection (n=0). The patients’ 
progress through the study is shown in Fig 2.

The mean wound duration was 216 ± 8 weeks for 
the wounds with a baseline duration > 100  weeks 
(n=4), and 6.8 ± 1.9  weeks for those with duration 
< 30 weeks (n=12). There were no wound durations 
of 30–100 weeks.

At 24 weeks, 12 (75%) of the wounds had healed. 
For those wounds that had not closed, the wound 
size had reduced by a mean of 9.6 ± 14.5cm2 (61%) 
of the wound surface, from a mean of 15.3 ± 14.5cm2 
at day 0 to mean 6.0 ± 13.0cm2 at week 24. During 
the study period, all wounds received at least one 
debridement session and 32% of the wounds 
received a second debridement session.

Ten patients (63%) had a good reduction of bio-
film, five (32%) scored ‘moderate’ and one (6%) had 
no reduction noted. The 63% that scored a good 
reduction of the biofilm went on to wound closure. 

For all patients, the mean percentage of granula-
tion tissue present in the wound bed had increased 
significantly (p < 0.04) when comparing day  0 
(38.2 ± 34.6%) with week 24 (77.4 ± 36.0%). The per-
centage of yellow tissue present in the wound bed 
had decreased significantly (p < 0.01) when compar-
ing day 0 (61.8 ± 34.6%) and week 24 (22.6 ± 36.0%). 
This shift from yellow tissue to granulation and epi-
thelialisation showed the effective starter function 
of BWD + PHMB (Fig 3). 

All participants reported a reduction in pain after 
study dressing application. The mean VAS score at 
day 0 was 7.4, which reduced to a mean of 3.2 by 
week 24. A summary of results is shown in Table 3 
and results by wound aetiology in Table 4.

Discussion
The presence of biofilms in infected and critically 
colonised wounds may strengthen the pathogenic 
properties of the bacteria present.1–5 Although there 
is substantial debate regarding the identification of 
biofilms in wounds,1,3 it is suggested that clinical 
signs and symptoms in a stagnant wound, such as 
the presence of a slimy coating in the wound bed, is 
a strong indication of its presence, especially if this 
coating returns and the wound remains stagnant 
following sharp debridement.1,3 In our study we 

fig 3. evolution of wound bed condition and reduction of 
wound size during the study period
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Table 3. Summary of the results

 day 0 (start) week 24 (end) p value

biofilm reduction: 
l Good — 10 (62%) —
l moderate — 5 (32%) —
l no reduction — 1 (6.3%) —

Wound size (cm2)* 15.3 ± 14.5 6.0 ± 13.0 —

Granulation tissue present 38.2 ± 34.6% 77.4 ± 36.0% p < 0.04 
in the wound bed (%)*

Sloughy tissue present 61.7 ± 34.6% 22.7 ± 33.0% p < 0.01 
in the wound bed (%)*

Wounds healed — 12 (75%) —

vAS pain score (mean) 7.4 3.2 —

 
*Where applicable, results given as mean±SD

Journal of Wound Care.Downloaded from magonlinelibrary.com by 130.216.030.116 on May 2, 2015. For personal use only. No other uses without permission. . All rights reserved.



practice

j o u r n a l  o f  wo u n d  c a r e   vo l  2 0 , n o  1 1 , n ov e m b e r  2 0 1 1 5 3 9

used a clinical scoring tool to identify the presence 
of biofilm, based on the tool developed by Disse-
mond et al.,18 which has been validated.

Various studies have indicated in vitro that topical 
silver and povidone-iodine have little effect on bio-
films,7,8,21 while clinical and in vitro studies increas-
ingly suggest that PHMB may have a positive impact 
on biofilms in infected wounds.7,8,10–12,17 However, the 
weakness of all clinical studies on biofilms is that the 
presence of biofilm in the wound is assessed based on 
clinical signs and symptoms. A laboratory method is 
not used as this is costly and there is no consensus on 
what is the most reliable method. In this study, 63% 
of the wounds treated showed a good reduction in 
biofilm and 32% had a moderate reduction. It further 
showed that the majority of patients treated (75%) 
achieved full healing within 24 weeks of treatment, 
whereas before the wounds had remained stagnant.

The BWD seemed to handle wounds that produce 
light to moderate exudate well. Those patients with 
wounds that produced copious amounts of exudate 
were withdrawn, as the dressing was not able to 
manage these conditions. PHMB combined with 
BWD allowed for continuous and effective wound 
disinfection of the treated wounds.11 This approach 
may be more effective than applying PHMB as just a 
short cleansing phase during dressing changes, as 
biofilms are persistent and may survive an other-
wise effective cleansing phase of 15min using a 
PHMB-moistened swab. The standard cleansing 
using this method before study entry was shown 
not to be sufficient, and so prolonged exposure may 
be required. This was also observed by Piatkowski et 
al.9 in a randomised controlled study and by Wie-
gand in two in vitro studies.10,12 Moreover, partici-
pants reported effective pain reduction, possibly 
due to a combination of the resolution of the infec-
tion and the soothing effect of the dressing. The 
patients considered the dressing comfortable, with 
no reports of irritation or maceration.

limitations
It may be instructive to perform wound cultures and 
confirm the presence of Pseudomonas aeruginosa, a 
known facilitator of biofilms;1,2,4 however, this was 
not in the scope of our study. Furthermore, as this 
was a cohort study and, as such, gave descriptions of 
practice and did not have comparison or control 
groups, cause and effect relationships cannot be 
drawn from the present study. A randomised  
controlled trial, including wound cultures, is cur-
rently being planned.

The definition of non-healing as not responding 
to standard treatment for 2  weeks or longer may 
also introduce an element of uncertainty to the 
results as some wounds included may be borderline 
chronic; however, this definition was according to 
the centre’s protocol. Furthermore, regular use of 
surgical debridement could be a factor in elimin-
ating the biofilms, as it weakens it and makes it 
more responsive to treatment.3 Despite this, all 
wounds were surgically debrided prior to study 
entry, without showing any progress toward  
healing, with no trends observed in those wounds 
that underwent further debridement during the 
study period.

Finally, the withdrawal rate, although mostly 
non-dressing related, was high. A final limitation is 
that the analysis, like most non-comparative stud-
ies, was not done on an intention-to-treat basis.

Conclusion
The results suggested continuous application of 
PHMB within a BWD reduces biofilm in stagnating 
wounds and thereby supports healing. The dressing 
used (Suprasorb X + PHMB) seems suitable for mod-
erate to light exuding wounds, hence four patients 
were removed from the study after 4 weeks of treat-
ment, due to copious exudate production. It was 
shown that continuous application of PHMB using 
BWD was safe and comfortable, and reduced pain. n
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Table 4. results according to wound aetiology

n=16 Venous ulcers and venous/ Surgical wounds (n=6) other wound types  
 arterial ulcers (n=6)    (n=4)

 day 0 week 24 day 0 week 24 day 0 week 24

biofilm reduction: 
l Good — 4 (66%) — 4 (66%) — 2 (50%)
l moderate — 2 (34%) — 2 (43%) — 1 (25%)
l no reduction — 0 — 0 — 1 (25%)

Wound size (cm2)* 8.2 ± 7.5 2.3 ± 2.0 18.3 ± 14.5 0 26.6 ± 14.9 16.5 ± 10.1

Wounds healed (n) — 4 (66%) — 6 (100%) — 2 (50%)

 
*Given as mean ± SD
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